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Abstract

Background and Aims: There are two types of serum uric acid‐lowering agents, the

xanthine oxidoreductase (XO) inhibitor and non‐XO inhibitor. We investigated

whether febuxostat, XO inhibitor, could produce more favorable effects on coronary

endothelial function (CEF) and renal function than benzbromarone, non‐XO

inhibitor, in hyperuricemic coronary artery disease (CAD) patients.

Methods: We divided 21 hyperuricemic patients with stenting for left anterior

descending (LAD) or left circumflex (LCX) artery into patients started on febuxostat

(F group) and those on benzbromarone (B group). After 8 months, all patients

underwent CEF evaluations (acetylcholine provocation test) and optical coherence

tomography (OCT) for non‐culprit vessels (e.g. if patients received LAD stenting, we

evaluated LCX). We compared the diameter ratio induced by acetylcholine and

baseline (CEF ratio), thin‐cap fibroatheroma and calcified plaque by OCT, uric acid,

oxidative stress biomarkers, and renal function including estimated glomerular

filtration rate (eGFR) between F and B groups. Creatinine 2 days after stenting was

measured to evaluate contrast‐induced nephropathy (CIN).

Results: Change of eGFR was significantly lower in F group (n= 11) than B group

over 8 months while the other parameters including CEF ratio were similar. F group

showed favorable effects for CIN.

Conclusion: In conclusion, 8‐months of febuxostat, XO inhibitor, does not

significantly protect CEF but can protect the renal function including CIN in

hyperuricemic patients with CAD compared to benzbromarone, non‐XO inhibitor.
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1 | INTRODUCTION

It has been reported that hyperuricemia may contribute to the

development and progression of cerebral and cardiovascular diseases,

chronic kidney disease (CKD), and mortality.1,2 However, the mecha-

nism for why hyperuricaemia is correlated with cerebro‐cardiovascular

or renal disease is still unknown. There are two types of serum uric acid

(SUA)‐lowering agents, the xanthine oxidoreductase (XO) inhibitors

including febuxostat, and uricosuric treatment without XO inhibition

including benzbromarone. However, whether a high SUA level itself is

actively correlated or XO activity is merely correlated with various

arterial diseases has not been well investigated.3 On the other hand, the

debate is ongoing as to whether SUA‐lowering agents can contribute to

improving various arterial diseases including cerebro‐cardiovascular

disease and CKD.4–6 However, there have been many studies indicating

that SUA‐lowering agents, especially XO inhibitors, have beneficial

effects on a number of surrogate markers in hyperuricemia patients,

such as endothelial dysfunction,7 the peripheral blood flow,8 hospital-

izations,9 and a metabolic imbalance.10 Regarding endothelial dys-

function, almost all studies have used a flow‐mediated dilatation (FMD)

test.7 In the present study, we focused on SUA‐lowering agents for

coronary endothelial function (CEF). Therefore, we estimated the CEF

by measuring the coronary vasomotion in response to acetylcholine

(ACh) because this method is a useful and reliable method to measure

the CEF, but, this test is a little complicated and the rate of serious major

complications using this test is 0.9%.11

On the other hand, although several reports have revealed the

beneficial effect of febuxostat on renal protection,4,5 there were little

reports regarding the effect of febuxostat on contrast‐induced

nephropathy (CIN).

The aim of the present EFEF (effect of febuxostat on endothelial

function) study was to investigate whether the XO inhibitor, febuxostat,

has greater beneficial effects on the CEF than a uricosuric treatment

without XO inhibition using benzbromarone, in asymptomatic hyperur-

icemic patients with coronary artery disease (CAD). In addition, we

evaluated the effects of these drugs on renal function including CIN.

2 | METHODS

2.1 | Study protocol

From April 2016 to January 2018, consecutive hyperuricemic

patients (SUA ≥ 6.0 mg/dl) with CAD who had severe stenosis of

the left anterior descending (LAD) or left circumflex (LCX) artery and

who in addition did not have significant stenosis (≥50% diameter

stenosis) of the other left coronary artery (LCA) by initial coronary

angiogram or coronary computed tomographic angiogram were

prospectively enrolled in the EFEF study. The exclusion criteria were

as follows: vasospastic angina (VSA), acute coronary syndrome, left

main coronary artery stenosis, heart failure with reduced ejection

fraction (EF) (left ventricular EF < 40%), hemodialysis, history of

coronary artery bypass surgery, and history of the percutaneous

coronary intervention (PCI). After providing written informed

consent, eligible patients were randomly assigned to the patients

who received febuxostat (Teijin Pharma) (initial dose of 10mg daily

that was titrated to 20mg daily at 1 month and 40mg daily at 2

months) (F group) and those who received benzbromarone (Towa

Pharma) (100mg/day) (B group) by the sealed envelope system.12

The patients started to receive febuxostat or benzbromarone to treat

hyperuricemia. Two weeks later, we performed PCI for the severe

stenosis lesion. We implanted a drug‐eluting stent (DES) by optical

coherence tomography (OCT) or intravascular ultrasound (IVUS)

guidance. Figure 1 summarizes the study schema. At the 8‐month

follow‐up, all patients underwent a CEF evaluation by assessing the

response to intracoronary ACh and an OCT evaluation for nonculprit

vessels (e.g., if the patient received LAD stenting, we evaluated the

LCX). Blood and urinary samplings were performed at baseline

(before receiving febuxostat or benzbromarone) and at the 8‐month

follow‐up. In addition, the creatinine was measured 2 days after PCI.

During the study period, the patients continued to receive the same

medications excluding febuxostat and benzbromarone. All patients

received a detail informed consent and the Ethical Committee of

Osaka Rosai Hospital approved this study.

F IGURE 1 Patient flowchart.
CAD, coronary artery disease; DES, drug‐
eluting stent; LAD, left anterior descending
artery; LCX, left circumflex artery;
OCT, optical coherence tomography;
PCI, percutaneous coronary intervention
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2.2 | Serum and urinary markers

To evaluate the drug effects on SUA, oxidative stress, inflammation,

and renal protection, we measured the following biomarkers

one day before stenting and at the 8‐month follow‐up: SUA,

malondialdehyde‐modified low‐density lipoprotein (MDA‐LDL), uri-

nary 8‐Hydroxy‐2′‐deoxyguanosine (8‐OHdG), high‐sensitive

C‐reactive protein (hs‐CRP), creatinine, cystatin C, and estimated

glomerular filtration rate (eGFR). The eGFR was determined using the

estimation formula for Japanese.13 To evaluate the CIN, we also

measured the creatinine 2 days after PCI.14

2.3 | ACh provocation test to evaluate CEF

At the 8‐month follow‐up after DES implantation, we performed ACh

provocation test. Intravenous heparin (50–70 units/kg) was adminis-

tered, and a 5 French guiding catheter was used to engage the LCA.

After the coronary angiography to evaluate the LCA, a bipolar electrode

catheter was inserted into the right ventricular apex through the femoral

vein or antecubital vein and was connected to a temporary pacemaker

set at a rate of 45 beats/min. We tested the CEF by injecting

intracoronary ACh, which was directly injected in incremental doses

of 20, 50, and 100μg into the LCA over 20 s, with at least a

3‐min interval between injections unless there was significant bradycar-

dia, atrioventricular block, paroxysmal atrial fibrillation, or severe

vasoconstriction. After 1min following the completion, coronary

arteriography was performed. Finally, a 2.5–5.0mg bolus of

intracoronary isosorbide dinitrate (ISDN) was administered to evaluate

the endothelium‐independent vasodilation of the epicardial artery.11

During the study, the arterial blood pressure and an electrocardiogram

(ECG) were continuously monitored on an oscilloscope. A standard 12‐

lead ECG was recorded every 30 s. We also recorded the patient's

symptoms, ischemic ECG changes, and complications/side effects if any,

during the intracoronary ACh infusion.

2.4 | Quantitative coronary angiography (QCA)

Two experienced physicians, who did not know the clinical,

physiological, or OCT data, performed the QCA on the nonstenting

LCA using a computer‐assisted method (CAASII; Pie Medical Imaging

BV) to determine the minimum lumen dimension (MLD) at baseline,

after each intracoronary ACh injection and after the intracoronary

ISDN administration.

2.5 | Evaluation of CEF

The coronary angiograms at the maximally tolerated dose of ACh

were later compared with the baseline coronary angiogram by QCA

to evaluate CEF using the CEF ratio. The CEF ratio was defined as the

ratio of the MLD induced by ACh and the lumen dimension at the

same part at baseline, which was measured by QCA in the proximal to

mid part of the non‐stented LCA.15 A representative case is shown in

Figure 2. In this case, the patient received a DES in the LCX.

F IGURE 2 A representative case of
acetylcholine (ACh) provocation test. This
patient received a drug‐eluting stent in the left
circumflex artery (LCX). Therefore, we
measured the coronary endothelial function
(CEF) in the proximal to mid part of the left
anterior descending artery (LAD). Upper panel:
Quantitative coronary angiography (QCA)
revealed the minimum lumen dimension
(MLD) at baseline was 2.72mm (arrow). Lower
panel: After the maximum tolerance dose of
ACh, the lumen dimension at the same part of
the LAD (arrow) decreased to 1.54mm.
Accordingly, the CEF in this patient was 1.54/
2.72 = 0.57
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Therefore, we measured the CEF ratio at the proximal to midportion

of the LAD. In this case, the QCA revealed MLD at baseline was

2.72mm. After the maximum tolerance dose of ACh, the lumen

dimension at the same part of the LAD decreased to 1.54mm.

Accordingly, the CEF ratio in this patient was 1.54/2.72 = 0.57.

2.6 | OCT evaluation

OCT images were acquired with a frequency domain OCT system

(Abbott Vascular) in the nonstented LCA after evaluating the CEF. After

the administration of intracoronary ISDN, a conventional angioplasty

guidewire (0.014 inch) was advanced distal to the region of the CEF

evaluation (proximal to the mid part of the nonstented LCA), then an

OCT imaging catheter (Dragonfly, Abbott Vascular) was advanced over

the guidewire beyond the above‐mentioned region. During the imaging

acquisition, blood was displaced by injection of contrast media. The

images were calibrated by an automated adjustment of the Z‐offset and

the automated pullback was set at 18 or 36mm/s.

OCT is a high‐resolution intravascular imaging modality and

provides a detailed assessment of the coronary vessel wall including

the calcium lesions and thin‐cap fibroatheroma (TCFA). Using OCT,

we evaluated the calcified plaque and TCFA in the LCA because the

two types of lesions were a kind of advanced atherosclerosis and

could produce bias of the ACh provocation test.16,17 In the OCT

imaging TCFA was defined as a lipid‐rich plaque with a minimal

fibrous cap thickness of <65 µm (Figure 3 left panel)18 and calcified

plaque was defined as a signal‐poor or heterogeneous region with a

sharply delineated border (Figure 3 right panel).19

2.7 | Comparison of various parameters between F
and B groups

We compared the SUA, oxidative stress markers including the MDA‐

LDL and inflammation markers; hs‐CRP and renal markers including

creatinine, cystatin C and the eGFR and the endothelial function; CEF

ratio and coronary atherosclerotic changes including the OCT

detected TCFA and calcified plaque between the F group and B

group. We calculated the rate of change of the above‐mentioned

serum and urinary parameters between the 8‐month follow‐up and

before the stenting as follows: (each parameter at the 8‐month

follow‐up − each parameter at baseline)/each parameter at baseline.

We compared the baseline, 8‐month follow‐up, and the rate of

change of each serum and urinary parameter between the two

groups. In addition, to evaluate the CIN, we calculated the rate of

change of serum creatinine level between the 2‐day after and before

the stenting as follows: (creatinine level at 2 days after stenting −

creatinine level at baseline)/creatinine level at baseline as 2‐day %

creatinine. Then, we compared 2‐day % creatinine data between

F and B groups. We also compared the incidence of traditional

coronary risk factors including hypertension, dyslipidemia, diabetes

mellitus (DM), and smoking between the two groups. Hypertension

was identified in the patients whose systolic blood pressure was

≥140mmHg and/or diastolic blood pressure ≥90mmHg, and/or the

use of antihypertensive drugs; dyslipidemia was identified in patients

treated with anticholesterolemic agents or whose serum low‐density

lipoprotein cholesterol level was ≥140mg/dl; DM was identified as a

fasting glucose level >126md/dl and/or nonfasting glucose level

>200mg/dl, and/or the use of insulin or oral antihyperglycemic

drugs.20 In addition, we compared the medications including

antiplatelet agents, angiotensin‐converting enzyme inhibitors or

angiotensin II receptor blockers, β blockers, calcium channel blockers,

and statins, the infusion volume of saline before and after PCI, and

the amount of contrast media during PCI between the two groups.

Finally, we evaluated the protection of CEF, CIN, and renal

function as the clinical outcomes. We compared CEF ratio as the

protection of CEF, 2‐day % creatinine as the protection of CIN, and %

creatinine, eGFR, and cystatin C as the protection of the renal

function between F group and B group.

2.8 | Statistical analysis

JMP 14 statistical software (SAS Institute Inc.) was used for the

statistical analysis. Continuous parameters were expressed as median

(interquartile range). Two‐group comparisons were analyzed by the

Mann–Whitney U test. Categorical data were expressed as counts

F IGURE 3 Left panel: optical coherence
tomography (OCT) image showing a thin‐cap
fibroatheroma (TCFA) (arrow). Right panel:
OCT image showing a calcified plaque
(asterisk)
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(percentages) and were compared using the Fisher test. A Wilcoxon

signed‐rank test was used for the comparison of the pre‐ and

postdata. A p value of <0.05 was considered statistically significant.

3 | RESULTS

3.1 | Comparison of clinical characteristics, serum,
and urinary markers at baseline between two groups

The F group consisted of 11 patients and B group of 10. In the F

group, 45.5% of the patients received 20mg and 54.5% received

40mg febuxostat daily. As shown inTable 1, there were no significant

differences in the age and incidence of major coronary risk factors

including hypertension, dyslipidemia, DM, and smoking and the

incidence of LAD stenting between the F and B groups. In addition,

the SUA, oxidative stress markers including the MDA‐LDL and

8‐OHdG, inflammation markers; hs‐CRP, renal markers including the

creatinine, cystatin C and eGFR at baseline, medications, the infusion

volume of saline before and after PCI, and amount of contrast media

did not exhibit any significant differences between the two groups.

3.2 | Medical effects on SUA, oxidant stress, and
inflammation

In both groups, SUA (F group: 7.6 ± 1.7 vs. 5.5 ± 1.5 mg/dl, p = 0.02

and B group: 6.7 ± 0.7 vs. 4.4 ± 1.7 mg/dl, p < 0.01) and 8‐OHdG

(F group: 9.7 ± 4.5 vs. 8.0 ± 3.8 ng/ml, p < 0.001 and B group:

11.1 ± 3.0 vs. 9.0 ± 3.0 ng/ml, p = 0.003) were significantly reduced

over the 8 months, but the other parameters did not show any

significant differences during the 8 months. At the 8‐month follow‐

up, there were no significant differences in the SUA, oxidant stress

makers including the MDA‐LDL and 8‐OHdG, and hs‐CRP as an

inflammation marker between the two groups (Table 2). Regarding

the incidence of the change in each parameter, there were also no

significant differences between the two groups.

No gout arthritis occurred during the study period in both groups.

3.3 | Medical effects on CEF

There were no significant differences in the CEF ratio between the

F group and the B group (Table 2). In addition, OCT revealed

the incidence of TCFA and the calcified plaque were similar between

the two groups.

3.4 | Medical protection of renal function
including CIN

The rate of change in the eGFR was significantly lower in the F group

than B group, whereas there was no significant difference in the

8‐month follow‐up eGFR between the two groups (Table 2). Regarding

creatinine and cystatin C, there were no significant differences in the

8‐month follow‐up and rate of the change of cystatin C between the

two groups. On the CIN, the rate of change between baseline and

2‐day after in the creatinine (2‐day % creatinine) tended to be more

worsening in the B group than F group (p = 0.05), but the difference

did not reach the statistical significance. As previously mentioned,

there were no significant differences in the amount of saline and

contrast media between the two groups.

4 | DISCUSSION

The main findings of the present study were that in the hyperur-

icemic patients with CAD, an 8 month‐term inhibition of XO by

febuxostat did not protect against an impaired CEF but could have

TABLE 1 Patient clinical characteristics

F group (n = 11) B group (n = 10) p Value

Age 72 (67, 75) 71 (68, 73) 0.55

Hypertension (%) 90.9 80.0 0.59

Dyslipidemia (%) 72.7 40.0 0.66

Diabetes mellitus (%) 27.3 20.0 0.7

Smoking (%) 63.6 60.0 0.86

SUA (mg/dl) 7.0 (6.2, 8.9) 6.7 (6.1, 6.9) 0.16

8‐OHdG (ng/ml) 8.0 (6.5, 14.5) 10.5 (8.9, 12.8) 0.41

MDA‐LDL (U/l) 93 (71, 108) 91 (62, 98) 0.51

hs‐CRP (mg/dl) 0.07 (0.06, 0.14) 0.08 (0.05, 0.21) 0.60

Creatinine (mg/dl) 1.0 (0.9, 1.1) 0.9 (0.8, 1.0) 0.38

Cystatin C (mg/l) 0.90 (0.85, 1.01) 0.90 (0.81, 0.92) 0.20

eGFR (ml/min/1.73 m2) 60.0 (56.9, 63.2) 67.2 (58.2, 73.2) 0.18

Stent for LAD (%) 90.9 100 0.33

Antiplatelet agents (%) 100 100 ‐

ACEI/ARB (%) 72.7 80.0 0.67

β blocker (%) 54.5 50.0 0.83

CCB (%) 54.5 40.0 0.67

Statin (%) 90.9 90.0 0.94

Saline volume before

PCI (ml)

250 (0, 875) 0 (0, 1000) 0.77

Saline volume after
PCI (ml)

1000
(1000, 1375)

1000
(500, 1000)

0.55

Contrast media (ml) 100 (950, 123) 100 (100, 104) 0.15

Abbreviations: ACEI, angiotensin‐converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; CCB, calcium channel blocker; eGFR,
estimated glomerular filtration rate; hs‐CRP, high sensitive C‐reactive
protein; 8‐OhdG, 8‐Hydroxy‐2′‐deoxyguanosine LAD, left anterior

descending artery; MDA‐LDL, low‐density lipoprotein; PCI, percutaneous
coronary intervention; SUA, serum uric acid.
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more favorable effects on protecting the renal function including CIN

as compared to benzbromaron, a non‐XO inhibitor.

4.1 | Effect on CEF

Oxidative stress and endothelial dysfunction are two inter‐related

conditions commonly seen in patients with cardiovascular risk

factors.21 Endothelial dysfunction, once it develops, is an important

step in the progression of atherosclerosis,22 and it has an important

prognostic value for cardiovascular events in patients with CAD.23

There have been many reports about the favorable effects of

allopurinol, an established XO inhibitor, on the endothelial function

using FMD.21 However, there have been few reports on the effect of

XO inhibitors on the CEF using an ACh provocation test, which can

directly evaluate the CEF. Certainly, FMD is a reliable method to

evaluate the endothelial function of the brachial artery or peripheral

artery, but not to directly evaluate the CEF even if the FMD is

reported to be well correlated with the CEF.24 Previously, we

reported that SUA is significantly correlated with VSA, which is an

early step in coronary atherosclerosis, using 441 ACh provocation

tests.25 Moreover, Watanabe et al. reported that the XO activity is

significantly associated with VSA.26 In addition, it has been reported

that the effect of XO inhibition is significantly higher with febuxostat

than allopurinol.27 Therefore, we speculated we could obtain

favorable effects of SUA‐lowering agents, especially febuxostat, on

the CEF by using an ACh provocation test in this study. However, our

results revealed no favorable effects of either febuxostat or

benzbromarone on the CEF using the ACh provocation test even if

both medications could reduce the serum SUA levels and 8‐OHdG

level. Additionally, in our study, febuxostat had no effect on one of

the oxidative stress biomarkers, the MDA‐LDL. The reason why our

data failed to show any favorable effects of febuxostat on the CEF

and MDA‐LDL may be partially explained as follows: our study

patients consisted of patients with advanced coronary athero-

sclerosis who were implanted with DESs. In the many previous

reports, which showed the favorable effects of allopurinol and

febuxostat on the FMD and oxidant stress biomarkers, the study

patients consisted of early atherosclerosis patients including hyper-

tension and VSA.26,28 In addition, traditional coronary risk factors

including hypertension, hyperdyslipidemia, and DM have been

reported to be strongly correlated with the CEF and oxidative stress

biomarkers.29,30 Because the incidence of the traditional coronary

risk factors was high in our study (Table 1), only a reduction in the

SUA could not have had a significant effect on the CEF and oxidative

stress biomarkers. Therefore, we think SUA‐lowering agents,

especially XO inhibitors, may be useful for early coronary athero-

sclerotic disease including VSA but not for advanced coronary

TABLE 2 Comparison of parameters
between F and B Groups

F group (n = 11) B group (n = 10) p Value

2‐day creatinine (mg/dl) 1.1 (0.9, 1.3) 1.3 (1.2, 1.4) 0.11

8‐month SUA (mg/dl) 6.0 (4.7, 6.3) 4.7 (2.6, 6.0) 0.12

8‐month 8‐OHdG(ng/ml) 7.3 (5.8, 11.0) 9.5(6.1, 11.5) 0.54

8‐month MDA‐LDL (U/l) 92.0 (83.0, 102.0) 90.0 (72.5, 99.3) 0.95

8 month hs‐CRP (mg/dl) 0.05 (0.05, 0.10) 0.09 (0.07, 0.12) 0.78

8‐month eGFR (ml/min/1.73m2) 52.0 (50.0, 63.7) 50.0 (47.8, 54.5) 0.50

8‐month Creatinine (mg/dl) 1.0 (1.0, 1.2) 1.0 (0.8, 13) 0.76

8‐month Cystatin C (mg/l) 0.98 (0.86, 1.05) 0.86 (0.79, 0.94) 0.95

2‐day % Creatinine 0.08 (−0.03, 0.29) 0.36 (0.16, 0.51) 0.05

% SUA −0.28 (−0.39, −0.16) −0.31 (−0.59, −0.12) 0.51

% 8‐OHdG −0.14 (−0.27, −0.11) −0.15 (−0.37, −0.06) 0.69

% MDA‐LDL −0.10 (−0.20, 0.12) −0.10 (−0.12, 0.36) 0.74

% hs‐CRP −0.14 (−0.45, 0.64) −0.05 (−0.41, 0.28) 0.89

% Creatinine 0.07 (−0.05, 0.12) −0.01 (−0.07, 0.18) 0.89

% eGFR 0 (−0.13, 0.06) −0.24 (−0.32, −0.14) 0.04

% Cystatin C −0.02 (−0.07, 0.12) −0.02 (−0.03, 0.01) 0.98

CEF ratio 0.85 (0.62, 0.95) 0.95 (0.85, 0.96) 0.36

OCT TCFA (%) 0 0 ‐

OCT calcified plaque (%) 27.2 20.0 0.92

Abbreviations: OCT, optical coherence tomography. The other abbreviations are the same as in
Table 1.

6 of 9 | NISHINO ET AL.



atherosclerosis disease including patients with stent implantations

and multitraditional coronary risk factors as in our study population.

Recently, Hays et al. have also reported that febuxostat does not

significantly improve impaired CEF measured by magnetic resonance

imaging in patients with stable CAD,31 which may support our data.

Other large‐scaled clinical trials also have shown the non‐beneficial

effects of XO inhibitors, especially febuxostat, on cardiovascular

events.4–6

4.2 | Effect on renal protection including CIN

Large‐scaled clinical trials including the FEATHER and FREED trials

have shown that febuxostat has a renoprotective effect, which might

support our data.4,5 Because all patients in this study underwent PCI

and showed normal or mildly reduced renal function before PCI, our

data regarding renal function reflected partially CIN. CIN is an

important adverse reaction following PCI including stent implanta-

tions, which are associated with prolonged hospitalization and

increased mortality.32 The precise mechanism leading to CIN has

not been fully elucidated. One of the possible mechanisms of CIN is

that reactive oxygen species linked with the introduction of a

contrast agent can contribute to the progression of CIN.33 Reactive

oxygen species may have both direct and indirect roles in the cortical

and medullary microcirculation.34 Accordingly, theoretically, XO

inhibitors can partially protect CIN. Indeed, our data suggested that

febuxostat, one of the established XO inhibitors, could show the

tendency of renoprotection at 2 days after the PCI and could have

favorable effects on the protection of the deterioration in the eGFR

at 8‐months after the PCI, whereas the amounts of saline and

contrast media were similar between the two groups. Moreover,

recent reports have shown elevated SUA is an independent risk

factors for CIN.35,36 Therefore, lowering SUA itself may prevent CIN.

Accordingly, the two mechanisms including XO inhibitor and lowering

SUA may partially explain the favorable effect of febuxostat on CIN.

4.3 | Different effects of febuxostat on CEF and
renal function

The reason for the different effects of febuxostat on the CEF and

renal protection in our study was unclear. However, the FEATHER

study also reported that febuxostat did not have any cardiovascular

protection, but did not aggravate renal function.4 The FREED study

revealed that febuxostat lowered the SUA and delayed the

progression of the renal dysfunction, but did not decrease the

cardiovascular events. There were many other studies that showed

favorable effects of SUA‐lowering agents that acted as an XO

inhibitor on the renal function,37 but there were few reports

regarding the beneficial effects of an XO inhibitor on CAD.38

The reason for the discrepancy in the XO inhibitor effects on CAD

and the renal function including CIN in this study is obscure, but the

possible mechanism is as follows: the impact on the endothelial function

may be more strongly correlated with the renal function than CAD

because the renal function is dependent on medullary microcirculation,

which is affected by oxidant stress,33 but CAD is dependent on

epicardial coronary atherosclerosis, which is a feature of advanced

atherosclerosis as severe coronary artery stenosis and is not already

affected by the endothelial dysfunction which is a feature of early

atherosclerosis. In addition, in this study, the favorable effects on renal

function by febuxostat may include the possible protection of CIN by

XO inhibitor. The CEF is like that during the early stage of CAD39 and

even if the XO inhibitor has a beneficial effect on the CEF, it cannot

affect advanced coronary atherosclerosis as in our study patients. In

addition, because traditional risk factors including hypertension,

dyslipidemia, and DM are strongly correlated with the CEF,29,30 SUA‐

lowering agents including XO inhibitors did not have any effect on the

CEF in our study patients who had multiple coronary risk factors. The

recent PRIZE study has also revealed that febuxostat might be effective

for attenuating earlier progression of carotid atherosclerosis, suggesting

a limited role of febuxostat on the development of atherosclerosis40 and

this may partly support our findings.

4.4 | Limitations

This study has several limitations. First, this is a single‐center study with

small sample size. However, our study is the first study to evaluate the

effect of febuxostat and benzobromarone on CEF directly by ACh

provocation test. Therefore, we believe this data is valuable. Second, the

final doses of febuxostat were different and lower than expected, with

approximately half of the study patients on 20mg daily of febuxostat.

However, because it has been reported that 20mg of febuxostat is

effective for renal protection41 and reduction of oxidant stress,42 final

doses of febuxostat might not strongly affect our data. Finally, we

enrolled asymptomatic hyperuricemic patients as in the recent random-

ized trials in Japanese.4,5,40 Accordingly, this data may be different from

the studies performed in regions other than Japan and may not be

applied to symptomatic hyperuricemia.

5 | CONCLUSION

Febuxostat can protect against renal dysfunction including CIN but

not the CEF as compared to benzbromarone in hyperuricemic

patients with CAD, but, both medications have similar SUA‐

lowering effects.
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